Abstract. In contemporary society, economic development not only relies on the traditional factors of production, but on technology and innovation capacity. The internationalization of patents, as an indicator of one country's technology development, has been highly emphasized nowadays. In recent years, China has made achievements and ranked second place in the world with large number of patent applications. In the context of China's falling growth rate of trade in Goods, the trade in science and technology services with high added value and intensive intelligence creates new significant trade growth. This paper examined the effects of the internationalization of patents on the export of China's science and technology services with the data of 36 trade partners from 2005 to 2014 in use of gravity model. The results indicated that the internationalization of patents had a significant positive impact on the trade in science and technology services. Therefore, China should facilitate the internationalization of patents process by encouraging more external patent applicant representatives to enter the industry of science and technology service.
Introduction
As a large developing country, China used to rely on processing trade, labor export, and foreign investment to boost the economy. However, according to customs statistics, the total value of China's import and export of goods in 2015 was 24.59 trillion yuan, decreasing by 7% year-on-year [1] . This was also the second consecutive decline of both import and export volume of China's goods trade after the global financial crisis in 2008. In 2016, the total value of China's goods trade was 24.33 trillion yuan, decreasing by 0.9% year-on-year. In comparison, the volume of China's service trade was growing steadily. Among them, the export of high value-added services represented by technical services, maintenance & repair services and advertising services grew rapidly. The export of technical services in 2016 (Jan. to Oct.) was 61.6 billion yuan, a year-on-year increase of 14%. It was clear to find that the high value-added and technology-intensive trade, represented by intellectual property rights and technical services, were achieving rapid growth and had become an opportunity for China's trade growth [2] . Consequently, whether the rapid growth of China's science and technology service trade was related to the impetus of technological innovation and knowledge flow has become a problem worth considering.
According to the statistics of the World Intellectual Property Organization (WIPO), around 243,500 international applications were filed via Patent Cooperation Treaty (PCT) Route in 2017, increased by 4.5% over 2016, representing the eighth consecutive year of growth. Applicants based in the U.S. filed the most applications, followed by those in China and Japan. The number of applicants from China reached 48,882 and increased by 13.4% year-on-year. In 2010, the number was only 12,295 and China ranked fourth in the world. To some extent, the internationalization of patents reflects the technology level and innovation of a country. We wondered whether China's patent internationalization had driven the growth of science and technology service trade. This paper discussed the fundamental concept and classification of internationalization of patents and trade in science and technology services. Then we took China as the study object and selected 36 economies which were regarded as China's major trade partners. Further, we conducted the empirical study with a gravity model to evaluate the effects of the number of multinational patent applications on science and technology service exports using the country/region level data from 2005 to 2014. For empirical results, this paper figured out the positive impact of internationalization of patents on China's science and technology service trade and provided some suggestions on domestic patent application facilitation.
Literature Review
This paper firstly reviewed the concept and classification of Patent Internationalization and classification of trade in knowledge-intensive. Then it reviewed some studies on the effects of patent internationalization and knowledge-intensive trade.
Internationalization of Patent
Patents are considered to be a general approach of protecting intellectual property rights internationally. However, patents have strong regional characteristics, that is, in order to have a patent in a country, they must apply for and obtain authorization within the country (region). The patentee needs to apply for patents in different countries in order to defend the advanced status of technology and avoid IPR infringement. Therefore, patentee holders have been hindered by transnational applications costs, including understanding omnifarious local regulations & laws and languages. In order to alleviate the increasingly sharp contradiction between the development of economic globalization and the regional nature of patent protection, patent internationalization was born as a solution [3] .
At present, there is no unified definition of patent internationalization. De Prato and Nepelski (2014) believed that patent internationalization in a broad sense referred to countries conducting transnational scientific research cooperation and jointly applying for patents [4] . Zolas (2014) also proposed that internationalization of patents can also mean the multinational patent application behavior of a country in the other countries, for the purpose of protecting IPR of its own residents or enterprises who developed new technologies by the means of acquiring patents [5] . Chinese scholars Xing-hua Deng and Zhou-yi Lin (2016) defined patent internationalization as follows [6] : After a country's enterprises and residents acquired new technologies (products) and production processes through technological innovation, they conducted patents application in other countries or regions in order to obtain corresponding legal protection for new technologies and restricted competitors from imitating similar products. And they could obtain innovation returns through trade or investment channels or through technology transfer and licensing. In this paper, we defined the internationalization of patents as the behavior of one country applying for patent protection in another country. The higher the level of patent internationalization is, the more patents are applied in foreign markets, and more profits of enterprises can be gained in the international market.
Patterns of Patent Internationalization
In recent years, patent internationalization has become the focus and trend of the development of global patent system. And patterns of patent internationalization are becoming more diverse. Chinese entities mainly apply for foreign patents by two routes: the PCT Route and the Paris Convention Route. They were compared in Table 1 . normal payments for application in one country. Government subsidies are granted in some countries.
Source: organized by the author.
The PCT system retains the rights of national authorization and follow-up management while realizing the international application for patents, which offering contracting states full sovereignty, therefore it has been widely accepted by the international community and grown to be the main channel for international patent applications. According to the latest WIPO data [7] , as of 2017, PCT member states have reached 152, covering major countries and regions in the world. The number of global patent applications by PCT route in 2017 was 243,500, an annual increase of 4.5%, and continued for the eighth year of growth. Comparing with Paris Route, the traditional way for cross-national patent application, the PCT System accounted for 56.2% of all non-resident filings in 2016 while this number was considerably higher than in 2002 (47.8%). The long-term data shows that the number of filings via both routes has trended upward, although the PCT route has grown at a faster pace (see Fig. 1 ). On average, the Paris route grew by 2.3% per year from 2002 to 2016, whereas the share of PCT NPEs in non-resident applications increased by 4.8% per year over the same period. 
Science and Technology Service Trade
With increasing emphasis on science & technology in various countries, the science and technology service industry, which provides intellectual services as its main feature, is developing rapidly with PCT Route Paris Route vigor. However, the study on science & technology service industry relatively lagged behind, especially for the connotation of science and technology service industry. Academic circles have not yet had a relatively consistent view. In many countries, the technology service industry is mainly related to the knowledge-intensive service industry. Bell (1974) took the lead in clearly proposing the concept of the knowledge-intensive service industry. He believed that due to the centrality of theoretical knowledge, a new kind of relationship of science and technology emerged, which led to the shift of society focus to the field of knowledge. It was known as the knowledge-intensive service industry. Internationally, Miles et al (1995) pointed out that the private sector or organization that relied on professional knowledge provided knowledge-based intermediary products or services, which formed the knowledge-intensive service industry (it was called "the technology service industry" presently). In 1992, China's former Science and Technology Commission promulgated the "Opinions on Accelerating the Development of Science and Technology Consulting, Science and Technology Information and Technology Service Industry" (hereinafter referred to as "Opinions"). The "Opinions" defined the science and technology service industry as "Technology Consulting, Science and Technology Information and related services". But this concept was too vague to clarify the coverage of the science and technology service industry.
Then, the science and technology service industry was defined as follows according to Jin-rong Shen (2015) [8] : the industry that clustered all the operations and institutes that serve with professional knowledge and emerging technologies to boost scientific and technological innovation, to expand the spread of scientific and technological information, and to promote the application of new scientific and technological achievements, etc. And then technology service trade emerged.
Classification of Science and Technology Service Trade
In 2015, in order to scientifically define the statistical scope of the science and technology service industry, China established a statistical survey system for science and technology service industry. Based on the National Economic Industry Classification, the activities related to science and technology services were reclassified and eventually China's science and technology service industry was divided into 7 major categories, 24 intermediate categories and 69 subcategories. See Table 2 for details. 
Effects of Patent Internationalization on Trade in Science and Technology Services
The existing discussion over the impact of patent globalization on the flow of trade in science and technology services was hardly found since it was just growing as a new topic.
Empirical Study on the Impact of Patent Internationalization on the Flow of Trade in Science and Technology Services Empirical Model and Variables
The Gravity Model is applied widely to analyze and predict the spatial interaction capabilities among parameters. It was stemmed from Newton's law of universal gravitation. Now the model has been widely used in various areas, including international trade field. In the theory of international trade, the gravity model refers to the fact that the individual trade flows between two countries are directly proportional to their respective economies of scale (GDP) and inversely proportional to the distance between the two countries. The model was specifically expressed as Eq.1.
.
( The internationalization of patents referred to the behavior of China's application for patents in another country to obtain IPR protection. The number of multinational patent applications of China was selected as the indicator to measure the level of internationalization of patents. GDP per capita in the model was the indicator that measured the development of a society in most industrial countries (except for some host country of resources). The number of national patent applications in the model was the indicator that measured the technology development of a country and represented one country's ability to innovate in some sense. The geographical distance in this paper represented the actual measured distance between the capitals of the two countries. The data in the model was taken as a logarithmic value to eliminate the effects of excessive data fluctuations and heteroscedasticity.
Data and Descriptive Statistics
In this paper we took China as the major study object. The data showed that China had applied for transnational patents to 65 countries or regions in the time span from 2005 to 2014. As it was mentioned above, science and technology service trade does not own a unified classification standard at present. Considering the acquisition of technology service trade data, this paper calculated the sum of item number 8 in EBOPS (which was franchise fee and license fee) and item number 9.3 in EBOPS (which was other business, professional technical services) as the indicator of China's export of science and technology services. We eliminated those countries or regions whose multinational patent applications account for less than 0.1% of the total number of Chinese multinational patent applications and took the rest of 36 eligible countries and regions as samples, which covered China's major multinational patent applications and had certain representativeness. Those 36 countries and regions were (according to the descending sequence of the science and technology trade value with China): Hong Kong China, United States, Japan, Netherlands, South Korea, Singapore, UK, Malaysia, France, Australia, Canada, Thailand, Finland, India, Mexico, Brazil, Germany, Philippine, Russia, Italy, Spain, Indonesia, Turkey, Sweden, Portland, Ukraine, New Zealand, Ustrina, Austria, Chile, Vietnam, Israel, Iran, Egypt, Norway, Pakistan.
The number of oversea patent application of China came from the annual report of patent statistics published by the State Intellectual Property Office of China. The GDP per capita data and the number of national patent application came from the World Bank database. And the distance between two countries came from the website [10].
Empirical Results
In order to study the impact of the export of the science and technology services (as the dependent variable) and the number of multinational patent applications (as one of the core independent variables, we performed multiple linear regression analysis on Eq. 3 with STATA 13.0.
We firstly examined the statistical characteristics of around 360 observations for each variable as shown in Table 4 . In order to understand the correlationship between variables in the model, especially the relationship between science and technology service trade and the number of independent patent applications, we conducted the Pearson correlation coefficient test between variables. The result was shown in Table 5 . It was obviously seen that the export value of science and technology service trade was positively correlated with the number of oversea patent applications, GDP per capita, and national patent applications, and the coefficient was significant at the level of 5 percent significance; the export value of science and technology service trade was negatively correlated with geographical distance at a significant level of 5%. These were consistent with the settings of the original model. Note: ** means the coefficient was significant at the level of 5 percent significance.
The result of multivariate linear regression of the variables was indicated in Table 6 . As can be seen from Table 6 , the number of patent applications was positively related to the export of science and technology service trade, that is, the number of patent applications has a positive effect on the growth of science and technology service trade. Tthe GDP per capita of country j in year t was positively related to the export of science and technology service trade. The number of national patent applications in t years is negatively related to the export of China's science and technology service trade. The geographical distance between the two countries is negatively related to the export of science and technology service trade, which was basically consistent with our expectations. Note: numbers in brackets were t value of the coefficient .*, **, *** means the coefficient was significent at 10%、5%、1% significace level respectively.
The pity was the adjusted R 2 value was not ideal. It might be attributed to statistical difference on trade in science and technology services from every country, which led to the inaccurate and comprehensive data on science and technology service trade. Secondly, the determinants of bilateral trade value are diverse, there could be variable omitted although many control variables had been added to the model.
Conclusion
This paper conducted the empirical study of the effects of patent internalization on the export of science and technology service with the data of 36 trade partners from 2005 to 2014. And the empirical findings indicated that the increase of national economic scale and development gave a boost to export of science and technology service, which meant that a country got a solid base to promote R&D and tech innovation. It resulted that more service was needed to support the oversea IPR protection application behavior. The more patents got internationalized, the more related services were needed. A squeezing effect could be observed when the national patent application number of the import country were large, which indicated that local providers of science and technology service could substitute that of China's with advantage of acquaintance of local IPR laws and regulations.
China ranked second large country of non-resident patent application by PCT route, and the demand of Chinese multinational operations for science and technology service is rocketing. Such as Huawei Co. Ltd, who ranked top 1 of non-resident patent applicants in 2017 globally, Chinese companies were increasingly seeking global protection on their technology. However, they had not established full-fledged inner department of Patent application yet as those counterparties in Japan and U.S. China got a long way to go to facilitate PCT applications through encouraging founding more external PCT applicant representatives by grants and trainings to cope with such an increasing trend.
